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i ACCURATE REFLECTANCE MEASUREMENTS: 
I ' An E l l i p s o i d a l  Mirror Reflectometer 

! 1 

IN BRIEF ... NBS has devised an e l l i p s o i d a l  mir ror  r e f l e c t m e t e r  
capable of measuring most defined r e f  l e c  tances accu ra t e ly  within 
one percent from 0.4 to 19, f o r  a l l  engineering ma te r i a l s  regard- 
l e s s  of t h e i r  1,evel of r e f l ec t ance  o r  the geometric d i s t r ibVt ion  
of t h e i r  r e f l e c t e d  fluxep. 
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An e l l i p s o i d a l  mir ror  reflectometer f o r  accura te  measurements on engin- 

ee r ing  mate y designed and constructed a t  the  #Bs I n s t i t y t e  . ' 

f o r  Applied Technology (U. S. Department of Commerce) under t h e  sponsorship 

of t he  A i r  Force and the  National Aeronautics and Space Administration. 

instrument is t he  work- of S. T. Dunn, J. C. Richmond, and J. A. Wiebelt.* 
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Although the  new ref lec tometer  presently is less convenient t o  use than 
/ 

o the r s ,  i t  is more accura te  and v e r s a t i l e  than those now i n  useI I L t  may be 
I 

used t o  measure' b i -d i r ec t iona l  re f lec tance ,  .d i rect ional  hemispherical r e f l e c -  

tance, t h e  specu la r  and d i f f u s e  components of re f lec tance ,  and d i r e c t i o n a l  
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The demand f o r  accura te  and wel l -character ized in f r a red  and so la r  

2ef lectance da t a  i s  r e l a t i v e l y  new and in t imate ly  t ice! t o  the  space explora- 
I 

i 
t i o n  program, where the  bas ic  problem of s a t e l l i t e  tem3erature con t ro l  has 

not been adequately solved.  In  addi t ion t o  the  space program needs, there  

i s  a continuing demand f o r  accura te  experimental v e r i f i c a t i o n  of e x i s t i n g  

theor ies  concerning the  r e l a t i o n s  between r e f l ec t ance  and sur face  parameters 

such a s  roughness, damage, contamination, and temperature.  

A l ack  of accura te ,  wel l -character ized da ta  forces  hea t  t r a n s f e r  engineers 

t o  assume e i t h e r  pe r fec t ly  d i f f u s e  r e f l e c t i o n  o r  emission, o r  t o  assume spec- 

u l a r  r e f l e c t i o n .  Unfortunately,  the  most usefu l  approach, t h a t  of assuming 

pa r t i a l  specular  and par t ia l  d i f f u s e  re f lec tance ,  cannot be used, a s  few da ta  

of t h i s  na ture  are ava i l ab le .  

Instruments present ly  used f o r  re f lec tance  measurements have severa l  

common disadvantages:  r e s t r i c t e d  v e r s a t i l i t y ,  unknown o r  poorly known accuracy 

of measurement, and lack,of absolu te  re f lec tance  s tandards .  The e l l i p s o i d a l  
J '  - 

mirror  re f lec tometer  was developed t o  minimize these problems. 
. -  
i The e l l i p s o i d a l  mirror  ref lectometer  has two major components. The f i r s t  

i s  the  e l l i p s o i d a l  mirror  123G i n .  i n  diameter and 3 5/8 i n .  high.  One foca l  

point  i s  i n  the  plane of the  m i r r o r ' s  edge and the  second i s  17  i n .  beyond the 

f i r s t .  The o the r  component is a de tec tor  whichviews the  i n t e r i o r  of a s u l f u r  

coated averaging sphere.  , 
b - 

Two methods may be used t o  determine d i r e c t i o n a l  hemispherical  re f lec tance  
: -  

with t h i s  instrument.: ' I n  the f i r s t  method, absolu te  d i r e c t i o n a l  hemispherical  --i 
r e f l ec t ance  is computed as the  r a t i o  of inc ident  f l u x ,  measured a t  the  f i r s t  

f o c a l  po in t ,  t o  the  r e f l e c t e d  f l u x ,  measured a t  the  second foca l  po in t .  

accomplish t h i s ,  the de t ec to r  i s  placed a t  the f i r s t  f o c a l  po in t  t o  measure the 
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i nc iden t  f lux .  

r e f l e c t e d  f l u x  
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Then a sample  i s  placed a t  the f i r s t  foca l  

i s  focused a t  ' the second f o c a l  po in t  by the 

point  and the 

e l l i p s o i d a l  mir ror  

where i t  i s  measured by the  de tec tor .  This iiicthod requi res  accura te  knowledge 

of a l l  system los ses .  In  the  second method, r e l a t i v e  d i r e c t i o n  hemispherical  

r e f l ec t ance  i s  determined by comparing the  f l u x  r e f l e c t e d  by a sample t o  t h a t  

r e f l e c t e d  by a specular  r e f l ec t ance  s tandard.  
-?.- 

Other r e f l ec t ances  can be measured because the  unique o p t i c a l  p rope r t i e s  

of the mir ror  permit accura te  descr ip t ion  of the  r e f l e c t e d  f l u x  d i s t r i b u t i o n .  

This i s  poss ib le  because the s p a t i a l  d i s t r i b u t i o n  of r e f l e c t e d  energy cross ing  

the  f i r s t  f o c a l  plane i s  p rec i se ly  r e l a t ed  t o  the geometric d i s t r i b u t i o n  of 

the  r e f l e c t e d  f lux .  Thus, other  re f lec tances  can be measured i f  s e l e c t i v e l y  

shaped sh ie lds  are  placed i n  the f i r s t  foca l  plane t o  blank out unwanted 

energy . 
I 

I Several  f a c t o r s  contr ibuted t o  the  accuracy of the instrument.  The 
\. 

s u l f u r  coated averaging sphere minimized s p a t i a l  and angular s e n s i t i v i t y .  

co r rec t ion  technique f o r  the entrance hole  loss was e f f e c t i v e l y  u t i l i z e d .  

The e l l i p s o i d a l  mir ror  reduced both the  system abe r ra t ions  and the  s i z e  of the  

A - < C  

s o l i d  angle  of f l u x  inc iden t  on the d e t e c t o r .  

the  mir ror  w a s  measured as a function of pos i t i on  on the mir ror ;  t h i s  provided 

The e f f e c t i v e  r e f l ec t ance  of 

an accura te  co r rec t ion  f o r  va r i a t ions  of the  m i r r o r ' s  r e f l ec t ance  with pos i -  

t i o n .  The ref lec tometer  needs only a specular  reference s tandard,  which i s  

e a s i l y  c a l i b r a t e d .  System losses  can be evaluated by e s t ab l i sh ing  the  f l u x  
. 

involved in each loss through use of s h i e l d s  ?laced i n  the  f i r s t  foca l  plane.  - 
, The accuracy of this type of instrument i s  est imated t o  be a t  least  2 

percent  and probably b e t t e r  than 1 percent over t he  range of 0.4  t o  l o p .  A 

p o s i t i v e  statement of accuracy, however, cannot be made because of the lack 
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of comprehensive data on the! goniometric distribution of reflected flux from 
1 

' comnon engineering materiald. The usefulness of an accuracy of better than 

1 percent ha6 been questioned, a8 the condition of the surface while in use 

may not be definitely known. 

infomation concerning the reflectance of materials than previous instruments. 

Nevertheless, this reflectometer provides more 

- 1/ For further information, see Design and Analysis of an Ellipsoidal Mirror 
Reflectometer, by S. T. DUM, PhD Thesis, Oklahoma State University 
(May 1965), available from University Microfilms, Inc. Ann Arbor, Mich. 
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CAPTION FOR ILLUSTRATION : ! . 
Figure 1. The two major components of the ellipsoidal mirror reflectometer 

(left center) which views the interior of the sulfur coated averaging sphere 
(center). 

developed at NBS are the ellipsoidal mirror (top) and the detector 

Photo: 33110-3186 

NOTE TO EDITOR: Glossy prints of the listed illustration are available 
to editors upon request. Address the National Bureau of Standards, Office 
of TechniCal Information and Publications, Washington, D. C. 20234.  

P L E A S E  DO -e_--- NOT R E F E R  TO THIS R E L E A S E  By NUMBER. The number i s  for your 
information only. For reasons of economy, the Bureau cannoc undertake 
to comply with requests from the public either for illustrations or for 
copies of its releases. For further information, we suggest you refer 
your readers to publications listed in the footnote to the release, or 
to the NBS Office of Technical Information and Publications. 


